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,QWURGXFWLRQ
7KH XVHG YHJHWDEOH RLO KDV EHHQ FODVVLILHG DV ZDVWH ZKLOH LWV SRWHQWLDO DV D OLTXLG IXHO WKURXJK SK\VLFDO DQG
FKHPLFDO FRQYHUVLRQ UHPDLQV KLJKO\ LQWHUHVWLQJ ,W LV LQFUHDVLQJO\ DWWUDFWLQJ PXFK LQWHUHVW EHFDXVH RI LWV JUHDW
SRWHQWLDO WR EH XVHG DV GLHVHO VXEVWLWXWH NQRZQ DV ELRGLHVHO 'LUHFW V\QWKHVLV YLD WUDQVHVWHULILFDWLRQ UHDFWLRQ RI




RSDFLW\ ZDV UHGXFHG E\ XVLQJ ELRGLHVHO:)2ZKLFK LV RWKHUZLVHZDVWHG LV DQ HFRQRPLFDO FKRLFH IRU SURGXFLQJ
ELRGLHVHO2LOIHHGVWRFNLVWKHPDMRUFRVWLQYROYHGLQSURGXFWLRQRIELRGLHVHOZKLFKLVDFFRXQWLQJRYHURIWKH
WRWDOFRVW>@7KHSURVSHFWRI:)2EDVHGIXHOSURGXFWLRQLVYHU\DWWUDFWLYHIRUHQHUJ\FRQYHUVLRQLQDGHYHORSLQJ
FRXQWU\ OLNH ,QGLD&RVW RI FRQYHUVLRQRI ELRGLHVHO IURP:)2 LV5V SHU OLWUH DV DJDLQVW VXEVLGL]HGPDUNHW
SULFH RI GLHVHO DSSUR[LPDWHO\5V SHU OLWUH >@ &RPEXVWLRQ SURFHVV LQ GLHVHO HQJLQH LV ODUJHO\ GHSHQGV RQ WKH
FRPELQHGHIIHFWELRGLHVHOEOHQGDQGEUDNHORDG+HQFHPXOWLYDULDWHVWXG\FRXOGSURYLGHDFOHDUNQRZOHGJHRQWKH
FRPEXVWLRQ FKDUDFWHULVWLFV RI WKH HQJLQH UDWKHU WKDQ WKH DSSURDFKE\RQHYDULDEOH DW D WLPH ,Q VXFKPXOWLYDULDWH
SUREOHPV XVH RI QRQOLQHDU WHFKQLTXHV OLNH 'HVLJQ RI ([SHULPHQWV 'R( IX]]\ ORJLF DQG QHXUDO QHWZRUN DUH
VXLWDEOH WR H[SORUH WKH FRPELQHG HIIHFWV RI LQSXW SDUDPHWHUV$PRQJ WKHPHQWLRQHG WHFKQLTXHV'R( LV WKHPRVW
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SURYLGHG ZLWK VXLWDEOH DUUDQJHPHQWV ZKLFK SHUPLWWHG ZLGH YDULDWLRQ RI FRQWUROOLQJ SDUDPHWHUV 7KLV XQLW LV
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ZHUH % PLQHUDO GLHVHO%  ELRGLHVHO  PLQHUDO GLHVHO %  ELRGLHVHO  PLQHUDO
GLHVHO%ELRGLHVHOPLQHUDOGLHVHODQG%ELRGLHVHO7KHVSHFLILFIXHOFRQVXPSWLRQZDV
FDOFXODWHGE\PHDVXULQJWKHWLPHWDNHQIRUDIL[HGYROXPHRIIXHOWRIORZLQWRWKHHQJLQH7KHWRUTXHZDVPHDVXUHG
XVLQJVZLQJLQJ ILHOGHOHFWULFDOG\QDPRPHWHU7KHHQJLQH VSHHGUSPZDVPHDVXUHGE\HOHFWURQLFGLJLWDO FRXQWHU
7KH UHDGLQJV ZHUH WDNHQ ILYH UXQ WLPHV IRU HDFK UXQ DQG WKH DYHUDJH YDOXH ZDV XVHG WR FDOFXODWHG SHUIRUPDQFH
SDUDPHWHUV7KHSHUIRUPDQFHSDUDPHWHUV%UHDN7KHUPDO(IILFLHQF\ %7(DQG%UDNH6SHFLILF)XHO&RQVXPSWLRQ
%6)&ZHUHFDOFXODWHGIURPPHDVXUHGGDWD([KDXVW*DV7HPSHUDWXUH(*7ZDVPHDVXUHGXVLQJGLJLWDOH[KDXVW
JDV WKHUPRPHWHU 7KH 6PRNH 2SDFLW\ 23 ZDV PHDVXUHG E\ XVLQJ VPRNH PHWHULQ +68 +DUWULGJH 6PRNH
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WR SUHGLFW WKH UHVSRQVHV 8VLQJ WKH VWDWLVWLFDOO\ VLJQLILFDQW PRGHO WKH FRUUHODWLRQ EHWZHHQ WKH SURFHVV
SDUDPHWHUVDQGWKHVHYHUDOUHVSRQVHVZHUHREWDLQHG
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(YDOXDWLRQRIWKHPRGHO
$1$92ZDVXVHGWRHYDOXDWHVXLWDELOLW\RIPRGHOVIRUWKHYDULRXVUHVSRQVHV7DEOH7KHRXWSXWLQGLFDWHGWKDW
WKH PRGHO ZDV VLJQLILFDQW ZLWK S YDOXHV OHVV WKDQ   7KH UHIHUHQFH OLPLW IRU S ZDV VHOHFWHG DV  7KH
UHJUHVVLRQVWDWLVWLFVJRRGQHVVRIILW5DQGWKHJRRGQHVVRISUHGLFWLRQ$GMXVWHG5DUHVKRZQLQ7DEOH7KH5
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0RGHO'HJUHH 4XDGUDWLF 4XDGUDWLF 4XDGUDWLF 4XDGUDWLF 4XDGUDWLF
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HIILFLHQF\  ZDV IRXQG WR EH DW ORZHU SHUFHQWDJH RI ELRGLHVHO EOHQG % DW  N: RI ORDG FRPSDUHG WR









)LJXUH  VKRZV WKH 560 SORW RI YDULDWLRQ RI %6)& IRU YDULRXV EOHQGV DQG ORDGV 7KH PLQLPXP %6)& ZDV
REVHUYHGDWUDWHGSRZHURXWSXWIRUDOOIXHOV%6)&IRXQGWREHLQFUHDVHGZLWKKLJKHUSURSRUWLRQRI:)20(LQWKH
EOHQGFRPSDUHGWRGLHVHOIRUDOOORDGV7KHPLQLPXP%6)&LQNJN:KZDVDQGIRU%%





7KH 560 SORW RI YDULDWLRQ RI (*7 IRU YDULRXV EOHQGV DQG ORDGV LV VKRZQ LQ ILJXUH  $V:)20( FRQWDLQV
FRQVWLWXWHVRISRRUYRODWLOLW\ZKLFK LVEXUQLQJGXULQJ WKH ODWHFRPEXVWLRQSKDVH+LJKHUGHQVLW\KLJKHUYLVFRVLW\
DQG SRRU YRODWLOLW\ ZRXOG KDYH UHVXOWHG LQ KLJKHU (*7 XVLQJ :)20( FRPSDUHG WR WKDW RI PLQHUDO GLHVHO $W
PD[LPXPORDGN:WKHH[KDXVWJDVWHPSHUDWXUHVREVHUYHGZHUHR&R&R&DQGR&IRU%%
% DQG % UHVSHFWLYHO\ 560 DQDO\VLV LQGLFDWHG PLQLPXP (*7 RI R& DW EUDNH ORDG RI  N: IURP
:)20(EOHQGRI%













7KH'HVLJQ([SHUW6RIWZDUHVHDUFKHV IRUDFRPELQDWLRQRI IDFWRUV WKDW VLPXOWDQHRXVO\ VDWLVI\ WKHUHTXLUHPHQWV
SODFHGRQHDFKRIWKHUHVSRQVHDQGIDFWRUV7KHFULWHULDIRUWKHRSWLPL]DWLRQVXFKDVWKHJRDOVHWIRUHDFKUHVSRQVH
ORZHU DQG XSSHU OLPLWV XVHGZHLJKWV XVHG DQG LPSRUWDQFHRI WKH IDFWRUV DUHSUHVHQWHG LQ7DEOH ,QGHVLUDELOLW\
EDVHGDSSURDFKGLIIHUHQWEHVWVROXWLRQVZHUHREWDLQHG7KHVROXWLRQZLWKKLJKGHVLUDELOLW\ LVSUHIHUUHG0D[LPXP
GHVLUDELOLW\RIZDVREWDLQHGDWWKHIROORZLQJLQSXWV\VWHPSDUDPHWHUVOLNHRI:)20(EOHQG%DQG
N:RIEUDNH ORDGZKLFKFRXOGEHFRQVLGHUHGDV WKHRSWLPXPSDUDPHWHUV IRU WKH WHVW HQJLQHKDYLQJ+3DV
UDWHG SRZHU DW  USP7KH SUHGLFWHG UHVSRQVHV IRU RSWLPDO LQSXW SDUDPHWHUV REWDLQHGZHUH RI%7(
NJN:KRI%6)&&RI(*7ZLWKVPRNHRSDFLW\RI+68

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9DOLGDWLRQRIRSWLPL]DWLRQUHVXOWV
,QRUGHUWRYDOLGDWHWKHRSWLPL]HGUHVXOWV WKHH[SHULPHQWVZHUHSHUIRUPHGWKULFHDW WKHRSWLPDO:)20(EOHQG
DQG EUDNH ORDG )RU WKH DFWXDO UHVSRQVHV WKH DYHUDJH RI WKUHHPHDVXUHG UHVXOWV ZDV FDOFXODWHG 6XPPDU\ RI WKH
SUHGLFWHGYDOXHVWKHDYHUDJHRIH[SHULPHQWDOO\FDOFXODWHGYDOXHVDQGSHUFHQWDJHRIHUURULVSUHVHQWHGLQ7DEOH,W
ZDVREVHUYHGWKDWWKHSHUFHQWDJHHUURULQSUHGLFWLRQRIGHYHORSHGPRGHOVZHUHLQJRRGDJUHHPHQW7KHSHUFHQWDJH
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 7KHGHVLJQRIH[SHULPHQWV LV H[WUHPHO\KHOSIXO WRGHVLJQ WKHH[SHULPHQWDOPDWUL[DQG FDUU\RXW VWDWLVWLFDO
DQDO\VLV WR LGHQWLI\ PRVW LQIOXHQFLQJ VLJQLILFDQW SDUDPHWHUV RQ SHUIRUPDQFH DQG HPLVVLRQ FKDUDFWHULVWLFV
'2(QRWRQO\KHOSHGWRUHGXFHWLPHE\UHGXFLQJQXPEHURIH[SHULPHQWVEXWDOVRSURYLGHGVWDWLVWLFDOIHDVLEOH
PRGHOVIRUDOOUHVSRQVHV
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